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Abstract 
In hot rolling, the strips have been needed to be rolled harder and faster to obtain thinner and higher quality strips, such as high 
strength steel or dual phase type high strength steel and so on.  As the strips move faster and are rolled harder, the larger impact 
force in the threading occurs and suddenly mill starts to vibrate with enormous amplitude.  The larger impact force or mill 
vibration causes not only the reduction of life time of the mechanical parts but also reduction of operational stability and 
manufacturing efficiency.  In order to solve these issues, Mill Stabilizing Device which consists of the hydraulic cylinder with 
orifices has been put into the practical use. Recently, it is strongly required that much harder and thinner strips are needed to be 
rolled and so it is necessary to enhance the damping effect of Mill Stabilizing Device.  Installing the chamber in Mill Stabilizing 
Device is proposed and the simulation was carried out to optimize the chamber size and orifice size.  The verification test was 
carried out in the production line and it is obtained that mill vibration was drastically reduced by Mill Stabilizing Device with 
the chamber. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Nagoya University and Toyohashi University of Technology. 
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1. Introduction 
In hot rolling, the strips have been needed to be rolled harder and faster to obtain thinner and higher quality 
strips, such as high strength steel or dual phase type high strength steel and so on.  As the flow stress and reduction 
in thickness become larger, the rolling force has increased. As the strips move faster and are rolled harder, the 
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larger impact force in the threading occurs and suddenly mill starts to vibrate with enormous amplitude.  The larger 
impact force or mill vibration causes not only the reduction of life time of the mechanical parts but also reduction 
of operational stability and manufacturing efficiency.  
In order to solve these issues, Mill Stabilizing Device (Usugi et al., 2005; Furumoto et al., 2004; Kanemori et al., 
2010) which consists of the hydraulic cylinder with orifices has been installed in Pair Cross Mill (Omori et al., 
1987) and has been put into the practical use. The hydraulic cylinders are installed between the work roll chocks 
and housing to eliminate the clearance between the work roll chocks and housing.  The hydraulic cylinder with 
orifices has also the damping effect and has the function to increase the dynamic rigidity in the rolling direction. 
Recently, it is strongly required that much harder and thinner strips are needed to be rolled, and so it is necessary 
to enhance the damping effect and increase the dynamic rigidity. Installing the chamber in Mill Stabilizing Device 
has been proposed in this paper.  The chamber is installed in the delivery side of orifice in order to enhance the 
damping effect of orifice.  The simulation of the dynamic rigidity in the rolling direction was carried out to 
optimize the chamber size and orifice size.  The verification test was carried out in the production line and the 
accelerations of work roll chocks and housing were measured.  It is obtained that mill vibration was drastically 
reduced with Mill Stabilizing Device & chamber.  The mill vibration without Mill Stabilizing Device was also 
measured in the other production line and compared with that with Mill Stabilizing Device & chamber.  It is found 
that the acceleration of mill vibration with Mill Stabilizing Device & chamber is much smaller than that without 
Mill Stabilizing Device. 
 
Nomenclature 
CR damping constant of housing 
Fin force applied to mass 
Kd dynamic rigidity 
KR static rigidity of housing 
M mass of work roll and bearing box 
p constant pressure at valve stand 
t time 
U displacement of mass of work roll and bearing box 
Ȧ angular velocity 
x  rolling direction 
 
2. Enhancing technologies for increasing dynamic rigidity of mill stabilizing device 
  
2.1 Simulation results of dynamic rigidity of mill stabilizing device without chamber. 
 
Fig. 1 shows the analytical model of the dynamic rigidity Kd.  KR is the static rigidity of housing, M is the mass 
of work roll and bearing box, and CR is the damping constant of housing. Orifices are installed in pipes near head 
and rod side of Mill Stabilizing Device cylinder.  The pressure is assumed to be constant at valve stand. In order to 
calculate the dynamic rigidity, cyclic force is applied to the mass M.  Displacement U of mass M is calculated and 
the dynamic rigidity Kd could be obtained as the ratio of Fin to U.  
Table 1 shows the calculating condition.  Orifice diameters are changed from 2mm to 14 mm.  Fig. 2 shows the 
relationship between orifice diameter and the dynamic rigidity.  The dynamic rigidity without Mill Stabilizing 
Device is also shown in Fig. 2.  The dynamic rigidity with Mill Stabilizing Device becomes about 2 times as large 
as that without Mill Stabilizing Device.  When orifice diameter changes from 2mm to 14mm, the dynamic rigidity 
does not almost change.  The pressure difference between entry and delivery side of orifice is checked and it is 
found that the pressure difference is almost zero.  It is thought this means that orifice does not give enough 
damping effect to Mill Stabilizing Device. 
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2.2 Simulation Results of Dynamic Rigidity of Mill Stabilizing Device taking into account Chamber Effect. 
 
It is thought that installation of the chamber at delivery side of orifice makes the pressure fluctuation less and 
Mill Stabilizing Device with the chamber has the larger damping effect.  It is assumed that the pressure at delivery 
side of orifice is constant.  This means that the enough chamber effect is given to Mill Stabilizing Device.  The 
calculating condition is the same as that in Table 1 except distance from cylinder to orifice and distance from 
orifice to valve stand, and those distances are 0 mm.  Fig. 3 shows the calculated dynamic rigidity.  It is found that 
the optimum orifice diameter is about 6 to 10 mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3 Simulation results of dynamic rigidity of mill stabilizing device with chamber. 
 
It is thought that the enough chamber volume has much effect on the dynamic rigidity as shown above chapter.  
On the other hand, less volume is desirable for installing in the production line. In order to determine the proper 
chamber volume, simulation of the dynamic rigidity was carried out.  The analytical model is shown in Fig. 4.  The 
calculation of the dynamic rigidity was carried out under the condition that the orifice diameters are 6 & 8mm and 
the chamber volumes are 0, 1.0, 1.5 and 3 litters.  The other calculating condition is the same as that in Table 1.  
Fig. 5 shows the relationship between chamber volume and the dynamic rigidity when orifice diameters are 6mm 
and 8mm.  When the chamber volume is more than 1.5 litters, the dynamic rigidity increases about more than twice 
as large as that without the chamber, and more than about 4 times as large as that without Mill Stabilizing Device. 
It is found that the chamber in Mill Stabilizing Device enhances the enough damping effect and the dynamic 
rigidity increases. 
 
 
 
Diameter of head cylinder mm 250 
Diameter of rod cylinder mm 230 
Cylinder stroke mm 90 
Mass of work roll and chock kg 23 
Static rigidity in rolling direction kN㺃mm-1/roll 3312 
Orifice diameter mm 2,6,8,10,14 
Distance from cylinder to orifice m 1.45 
Distance from orifice to valve stand m 20 
Damping ratio of housing  0.05 
Cylinder Pressure MPa 11.1 㻌
Table 1. Calculating condition for dynamic rigidity. 
Fig. 1.  Analytical model for dynamic rigidity.
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3. Verification test in production line 
 
It is thought that mill vibration could be reduced by increasing the dynamic rigidity.  In order to verify the effect 
of Mill Stabilizing Device with the chamber on reduction of mill vibration, the verification test was carried out in 
the production line.  The chambers were installed in No.3 finishing mill stand of BAOSHAN IRON & STEEL CO., 
LTD. Baosteel Branch No.3 HSM (BH3), and the accelerations of mill vibration were measured by acceleration 
sensors. 
Fig. 6 shows the schematic figure of rolling mill with Mill Stabilizing Device & chamber. Chambers are 
installed near Mill Stabilizing Device cylinder and at delivery side of orifice.  Acceleration sensors in the rolling 
direction are attached on top and bottom work roll chocks and delivery housing.  The pressures at entry and 
delivery side of orifices are measured by pressure transducers. The orifice diameters are 6 & 8 mm and the cylinder 
pressure is set at 11.1 MPa.  The rolled strip thickness is from 1.48 to 2.04 mm and the strip width is from 945 to 
1,215 mm. 
Fig. 7 shows the photograph of the production mill in which chambers are installed.  Chambers are installed at 
work side Mill Stabilizing Device cylinder and drive side Mill Stabilizing Device cylinder.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8(a) and (b) shows the relationship between load parameter and amplitude of acceleration on work roll 
chock in the rolling direction.  Load parameter is defined as the rolling force per unit width multiplied by reduction 
in thickness.  Amplitude of the mill vibration acceleration increases in case without chamber when load parameter 
becomes larger.  On the other hand, amplitude of the mill vibration acceleration is drastically decreased and 
Fig. 7.  Photograph of chamber in production line.㻌
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Fig. 5.  Relationship between chamber volume and dynamic rigidity. 
Mill Stabilizing Dvice (MSD) 
Fig. 4.  Analytical model for optimum chamber volume. 
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saturated in case with chamber when load parameter becomes larger. The accelerations of work roll chocks are less 
than about 1.5G0-p.  
Fig. 9 shows the measured pressure at entry and delivery side of orifice at head of Mill Stabilizing Device 
cylinder.  Pressures vibrate at the same frequency of mill vibration.  The difference of pressure between entry and 
delivery side of orifice occurs. It is thought that the oil flow is generated by the pressure difference between entry 
and delivery side of orifice and this makes the damping effect enhanced. 
Fig. 10 shows the mill vibration criteria curve.  Mill vibration occurs above criteria curve.  The horizontal axis is 
the rolling speed and the vertical axis is load parameter.  Diameter of circle shows the amplitude of acceleration.  
The dotted line shows the criteria of mill vibration without chamber and the solid line shows the criteria of mill 
vibration with chamber.  The criteria curves without Mill Stabilizing Device are also shown in Fig. 10.  It is found 
that the area without mill vibration extends by installing the chamber. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Comparison between mill vibration with mill stabilizing device & chamber and without mill stabilizing 
device 
The effect of Mill Stabilizing Device & chamber on reduction of mill vibration is verified in the production line. 
The accelerations of mill vibration without Mill Stabilizing Device were also measured by acceleration sensors in 
the other production line in order to compare that with Mill Stabilizing Device & chamber. 
Fig. 9.  Pressure at entry and delivery of orifice in head of 
Mill Stabilizing Device cylinder.㻌
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Fig. 10.  Relationship between rolling speed and load parameter.㻌
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Fig. 11 shows the relationship between load parameter and amplitude of mill vibration. The amplitude of 
acceleration in case of Mill Stabilizing Device is the average value of work side and drive side as shown in Fig. 
8(a) and Fig.8(b).  It is found that the amplitude of mill vibration becomes saturated in case with Mill Stabilizing 
Device & chamber when load parameter increases. On the other hand, the amplitude of mill vibration is increased 
rapidly in case without Mill Stabilizing Device when load parameter becomes more than about 8.  
Fig. 12 shows the relationship between the dynamic rigidity and measured acceleration of mill vibration. It is 
assumed that the dynamic rigidity of the mill in the other production line is the same as that of BH3 housing 
without Mill Stabilizing Device.  Load parameter level of BH3 is much higher than that of the mill in the other 
production line, and so the load parameter of plotted data of BH3 is less than 14.  It is found that acceleration of 
mill vibration could be decreased when the dynamic rigidity is increased.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5. Conclusions 
 
The enhancing technologies of stabilization of mill vibration by Mill Stabilizing Device are proposed and 
verified in the production line. The following results are obtained. 
(1)  The calculated dynamic rigidity of Mill Stabilizing Device could be increased by installing the chamber. 
 It is found that the proper orifice diameters are from 6 to 10 mm and the proper chamber volumes are 
 more than 1.5 litters. 
(2)  The verification test was carried out in the production line and it is confirmed that Mill Stabilizing Device 
 with the chamber could reduce the acceleration of mill vibration. When load parameter becomes more 
 than about 10, the accelerations of mill vibration of work roll chocks do not increase and become 
 saturated. The accelerations of mill vibration are less than about 1.5G0-p  in the production line. It is 
 verified that the installation of the chamber could reduce the mill vibration. 
(3)  The accelerations of mill vibration in the other production line without Mill Stabilizing Device increase 
 rapidly when load parameter is more than about 8.  The accelerations of mill vibration are about 3G0-p. 
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